Condensed corn-fermentation solubles are used as a nutrient for a variety of commercial fermentations. Kennedy and Speck (1954) and Kennedy, Speck, and Aurand (1955) demonstrated that condensed corn-fermentation solubles stimulated the growth of lactic acid bacteria in milk and semidefined media. Heimbuch, Aurand, and Speck (1956) studied the chemical and physical properties of the stimulant(s) present in condensed corn-fermentation solubles and purified a substance active for Lactobacillus casei in defined media, which exhibited properties associated with nucleosides.
This report concerns the purification of three stimulatory components and the identification of one of them.
MATERIALS AND METHODS
The various fractions prepared from the corn-fermentation solubles were assayed by the procedures described by and using L. casei strain ATCC 7469 and Streptococcu lacti strain 27 as the assay organisms. Reconstituted skim milk (20 per cent solids) was inoculated with 2 per cent of a 24-hr milk culture; 5 ml of inoculated milk were added to 5 ml of distilled water, and stimulant, in 20 by 120 ml screw capped vials. Uninoculated tubes prepared in the same manner were used as blanks. After approximately 18 hr, the lactic acid produced was titrated with 0.1 N NaOH. Stimulation of growth was expressed in terms of percentage increase in titratable acidity over the control, after correcting for residual titratable acidity in the uninoculated blanks. Purified stimulants were related back to condensed solubles in terms of relative potencies calculated on the basis of the formulas given by Bliss (1951) .
Paper chromatography was conducted using the following solvent systems: (A) benzyl alcohol-acetic acid-water (5:2:1); (B) butanolacetic acid-water (50:6:50); (C) butanolbutanone-water-dicyclohexylamine (10:10:5:2); (D) ethanol-benzene-water (6:2:1); (E) phenolwater (80:20) . The developed chromatograms were examined for biological activity and various functional groups as described by and Heimbuch et al. (1956) .
Ion exchange chromatography was conducted on Dowex 1 as described by Cohn (1950) and on Dowex 50 as described by Hirs, Moore, and Stein (1952) and Moore and Stein (1954) .
Organic solids determinations were made by the method of Johnson (1949) using sucrose as a standard.
Amino acid analysis was carried out as outlined by Moore, Spackman and Stein (1958) with the exception that the ninhydrin reagent of Rosen (1957) was used for color development.
PROCEDURE AND RESULTS
The over-all fractionation procedure used in purifying stimulants present in condensed solubles is shown in figure 1. The starting material was a dialyzate prepared as described by with the exception that collodion tubing was used.
Paper chromatography. The dialyzate was applied as a narrow band on sheets of Whatman no. 4 paper and developed with the solvent system, benzyl alcohol-acetic acid-water (5:2:1). Bioautography showed that the stimulatory activity was separated into two major fractions, an immobile complex (RF 0.00) and a mobile complex (RF 0.70 Figure 1 . Over-all fractionation procedure used for purifying stimulants in condensed corn-fermentation solubles.
immobile complex was cut out, washed with located, the area was cut out and the mobile dilute ammonium hydroxide, dried, and eluted complex eluted with water. with 1 N hydrochloric acid. The activity of
The mobile and immobile complexes were the mobile fraction was coincident with a spot approximately equally active for L. casei, but identifiable by the isatin reagent of Smith (1953) . only the mobile complex stimulated acid producThe mobile complex was therefore located by tion by S. lactis, and it was further studied. -An amount of mobile complex containing 5 g of organic solids, was dissolved in water adjusted to pH 9.6, and diluted to 1.2 liters. This was added to a 4.5 by 20 cm Dowex 1-X10 (Cl-) column and 18 ml fractions were collected. The column was washed with 1 liter of water and then eluted with 0.01 N ammonium chloride. The flow rate of the column was 120 ml per hr.
Since correlations between activity and absorption at 265 m,u was shown by Heimbuch et al. (1956) , the fractions were first examined for absorption at 265 m,. Four major peaks were observed in the elution pattern (figure 2). The tubes comprising each peak were pooled and the four resultant fractions then concentrated for bio-assay. When assayed with L. casei at a level of 0.1 mg organic solids/ml medium, fractions 1 and 2 exhibited no activity, but fractions 3 and 4 each showed a stimulation of approximately 40 per cent. In contrast S. lactis was stimulated by all four fractions. Fractions 3 and 4 were subjected to 2 dimensional chromatography using ethanol-benzenewater (6:2:1) and phenol-water (80:20 Eluants: 1 liter of water followed by 0.01 N NH4Cl.
Tube volume: 18 ml. Flow rate: 120 ml per hr. Fractions 3 and 4 were active for Lactobacillus casei and all fractions were active for Streptococcus lactis.
the fraction collected was 4.5 ml at a flow rate of 16 ml per hr. Representative elution patterns from fractions 3 and 4 are shown in figures 3 and 4, respectively.
The elution pattern of fraction 3 showed at least 7 components exhibiting absorption at 265 m,I. A similar number of components, absorbing light at 265 m,u, was observed for fraction 4. Examination of the various components for biological activity revealed that one component from fraction 3 (3A) and two components from fraction 4 (4A and 4B) possessed activity for L. casei. Maximal stimulation of 30 per cent was obtained for stimulant 3A at 1.25 ,ug organic solids per ml of medium and for 4A at 2.50 ,ug organic solids per ml of medium. Stimulant 4B produced a maximum of 45 per cent stimulation at 20 ,ug organic solids per ml of medium. Although the general elution patterns of stimulants 3 and 4 are different, the biological activity appeared in the components eluted at pH 3.9.
Since biological activity correlated with ninhydrin activity for fractions 3 and 4, 0.1-ml samples of alternate tubes of the eluates from fractions 3A, 4A, and 4B were examined for ninhydrin reactivity. Excellent correlation was found between ninhydrin reactivity, ultraviolet absorption, and biological activity (figures 3 and 4).
Inasmuch as all three stimulants reacted with ninhydrin, exhibited absorption at 265 m,u, were amphoteric, and were retained by both cationic and anionic exchange resins, the group of compounds most likely to be the active stimulants would be peptides containing aromatic amino acids. The absorption spectra of the three stimulants were determined after sublimation of the volatile buffers. Six maxima were observed for both stimulants 3A and 4A in the region of 240 to 270 m,u at pH 2 and these maxima were not shifted when measured at pH 11 (table 1). The positions of these maxima agree closely with those reported by Beaven and Holiday (1952) for phenylalanine. The absorption spectrum of 4B showed 2 maxima at pH 2 and 3 maxima at pH 11. These absorption spectra resemble that of tyrosine (Beaven and Holiday, 1952) . When the three stimulants were tested for phenolic groups with the Folin-Ciocalteau reagent, 3A and 4A were negative but 4B gave the characteristic blue color.
Stimulatory effect of amino acid8. Since the absorption spectra strongly suggested either with ethanol-benzene-water (6:2:1) and butanolbutanone-water-dicyclohexylamine (10: 10: 5:2) as the solvent systems showed that stimulant 3A contained at least 3 components. These results prompted the use of the former solvent system as a preparative step. This procedure separated the inactive components from the biologically active material. The active component was eluted (Beaven and Holiday, 1952) . from the paper with water after identification by ultraviolet light absorption. The paper eluate, stimulant 3A-1, was then chromatographed on Dowex 50, as described previously, yielding stimulant 3A-2.
To ascertain whether stimulant 3A-2 was a phenylalanine peptide, it was subjected to hydrolysis by 6 N HCl for 18 hr at 124 C in a sealed tube. The neutralized hydrolyzate possessed the same activity as the unhydrolyzed stimulant 3A-2 (table 3) . Furthermore, paper chromatograms using benzyl alcohol-acetic acidwater (5:2:1) and isopropyl alcohol-ammonium hydroxide-water (3:2:5) indicated that the principal amino acid was phenylalanine, but that other amino acids were present. To prove conclusively that stimulant 3A-2 was phenylalanine, the hydrolyzate was analyzed for amino Stimulation of a lactic acid organism by phenylalanine in milk is surprising inasmuch as milk does support the growth of L. casei, and since it can be computed that the protein moieties of the milk medium used contained about 1600 ,ug phenylalanine per ml of medium (Hodson and Krueger, 1947) . These computations show that the stimulation obtained by 3 ,ug per ml of medium resulted from the addition of the free phenylalanine. But free phenylalanine and the other free aromatic amino acids have not been reported in milk (Block, 1951; Hetzel, 1958) . The stimulation by free phenylalanine was probably the result of the inability of the organism to obtain this amino acid from the milk protein at a rate sufficient for its needs.
Stimulation may also result because of amino acid imbalances in the milk which the additives corrected. Amino acid antagonisms have been demonstrated with lactic acid bacteria in defined media. For example, Meinke and Holland (1948) found that threonine and serine were antagonistic for L. casei and other lactic organisms. An antagonism between tryptophan and phenylalanine was noted for S. faecalis strain R and L. casei by Beerstecher and Shive (1947) . The inhibitions obtained in the present study by the additions of small amounts of several amino acids to milk (table 2) would lend support to this hypothesis.
SUMMARY
Multiple stimulants were found in condensed corn-fermentation solubles which were active for Lactobacillus casei in milk. Although some fractions during fractionation were biologically active for both L. casei and Streptococcus lacti8, purified stimulants were only active for L. casei.
Of the stimulants purified, one was identified as phenylalanine. Some physical and chemical characteristics of the other active stimulants were determined.
